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(54) Apparatus and methods for compleUng a wellbore 



(57) Apparatus and methods lor completing a well- 
bore are discloeed. Certain of the apparatus and meth- 
ods use a first paclang assembly (202). a second pack- 
ing assembly (204). and a pressurization as8ent>ty 
(206) disposed between the first and second paddng 
assemblies to plasticaDyderonna finer (1 22) in a racfiany 
outward direction via hydraulic pressure. Ancther meth- 
od uses a iner (602) having a fUst section (604) and a 
second section (606). and a packing assembly dSOO). 
The firsi sectksn (604) is deformable In a radially outward 
dredion at a lower pressure lhan the second section 
(606). The packing assembly (600) is used to ptastkally 
deform the first sectkxi (604) of the liner (602) m a radi- 
ally outward direction via hydraulic pressure. 
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[0001 J The present Invention pertains to the comple- 
tion ol weltwres, and, more partcularty, but not by way 
of limitation, to improved apparatus and methods for 
completing lateral vvellbores in multilateral wells. 
[0002] Horizontal welldrillingand production have be- 
come incraasingiy important to the oa industry in recent 
years. While horizontal wells have been known for many 
years, only relatively recently have such welb been de- 
temiinedtobeaco6t<«ffectiveattemativelooonvention- 
al vertical well drilling. Althouflh drilling a horizontal weB 
usually costs mora than Its vertical counterpart, a hori- 
zontal well frequently impioves production by a (actor of 
five, ten, or even twenty In naturaOy-fractured reser- 
voirs. QeneralV. projecledproductivilyfRamahorizonlal 
weBboremust triple that of a vertical weHbore for hori- 
zontal drilling to be economical. This increased produc- 
tion minimizes the number of plafforms. cutting invest- 
ment and opemtion costs. Horizontal drilling makes 
resenft^rs in urt)an areas, permafrost zones, and deep 
offshore waters more accesstole. Other applkatkxis for 
horizontal wellbores include periphery wells, thin reser- 
voirs that woukj require too many vertcal wetBdores, and 
resenroirs with coning problems In whteh a horizontal 
wellbore bwers the drawdown per foot of resenfoir ex- 
poeed to stow down coning problems. 
[0003] Some weltoores contain multiple welbores ex- 
tending taterally from the main wellbore. These additkyv 
al lateral weilbores are sometimes referred to as drain- 
holes, and main wellbores containing riKxe than one iat- 
eral wetbore are referred to as multilateral wells. Multi- 
lateral wells aOow an increase in the amount and rate of 
productbn by increasing the surface area of the well- 
bore in contact with the resent. Thus, multilateral 
wells are becoming Increasingly Impoftant. both from 
- the standpoint of new drilling operations and from the 
rewortdng of existing wellbores. IncUxfing remedial and 
stimulation woric 

[0004] As a result of the foregoing increased depend- 
ence on and importance of horizontal woUs, horizontal 
well conpletion, and particularly multilateral well com- 
pletion, have been important concerns and continue to 
provkto a host of difficult problems to cvercome. Lateral 
completion. part«ularty at theiunctton between the main 
and lateral weBbores, Is extremely iniportant to avokJ 
ooflapse of the weUbora m unconsolidated or weakly 
consdMated foimatlons. Thus, open hole completions 
are limited to compelenl rock fonnattons; and. even 
thea open hole completnna are inadequate since there 
is Ibnited control or ability to access (or leenter the lat- 
eral) or to isolate productnn zones within the welbore. 
Coupled with this need to complete lateral wellbores is 
the growing desire to maintaki the lateral wetbore size 
as ctose as possble to me size of the primary vertical 
wellbore for ease of drilfing. completion, and future 
workover. 

[0005] The problem of lateral wellbore (and particu- 



larfy multilateral wellbore) completion has been recog- 
nized for many years, as reDecled m the patent litera- 
ture. For example. U.S. Patent No. 4.807,704 disctoses 
a system for completing multiple lateral weObores using 

5 a dual packer and a deflective guide memt>er. U.S. Pat- 
ent No. 2,797.893 discfc»es a method for completing lat- 
eral wells using a flexbte liner and deflecting tool. U.S. 
Patera No. 2.397.070 similarly descnl)es lateral well- 
bore corr^letion using flexible casing together with a 

te cloeureshieMforck)6ingonthelateral. In U.S. Patent 
No. 2,858.107. a removable whipstock assembly pro- 
videe a means fa kxating (e.g. accessing) a tateral sub- 
sec^ient to completkyi thereof. U.S. Patent Nos. 
4.396.075; 4.415.205; 4,444.276; and 4.57a541 all re- 

is bte generaBy to methods and devfces for multilateral 
corr^etkms using a template or tube gukle head. Other 
patents of general Interest In the fieki of horizontal weD 
corrvMelkan Inehxto U.S. Patent Nos. 2.452,920 and 
4.402.551. 

20 [OOOSI More recently. U.S. Patent NOS. 5,318.122; 
5.3531876; 5.388.648; and 5.520.252 have disctosed 
methods and apparatus for seafing the juncture be- 
tween a vertk»l weB and one or more horizontal weRs. 
In addition. U.S. Patent No. 5.564.503 disctoses several 

26 methods and systems for driBing and completing multi- 
lateral wells. Furthemnore. U.S. Patent Nos. 5,566.763 
and 5.613.559 both disck)se decentrafizing. centraliz- 
ing, locating, and orienting apparatus and methods for 
multilateral well drilling and completion. 

30 pxMT] Notwithstanding the above-described eflorts 
toward obtaining cosi-eflective and woricable lateral wen 
drilling and completions, a need stiO exists for improved 
apparatus and methods for completing lateral weB- 
bores. Toward this end, there also remains a need to 
increase the ecorxxny in lateral well)ore oompletkyw. 
such as, for example, by minimizing the number of 
downhole tips necessary to driB and complete a lateral 
welt)ore. 

[0008] The invention relates to apparatus and meth- 
40 ods for completing a wellbore. In one prefened emlxxJ- 
ffnent the apparatus and methods use a first packing as- 
sembly, a second packing assembly, and a pressurize- 
tton assembly disposed between the first and second 
packhg assenrblies to plastically deform a finer in a ra- 
4S dtally outward cfirection via hydraulic pressure. Another 
preferred embodknent uses a Bner having a first sectkm 
and a second section, and a packing assembly. The first 
section is defonnable in a radtaBy outward direction at 
a lower pressure than the second sectnn. The packing 
so asserrtbly is used to ptasticaDy deform the first sectkx) 
of the liner in a radially outward drectkxi via hydraulc 
pressure. 

[pOOq One aspect of the present invention comprises 
a conpletion apparatus for oouplff^ to a work string and 
ss for use within a Bner of a wellbore. The oompletkxi ap- 
paratus includes a first packing assembly for creating a 
riukj light seal against a liner in a weBbore; a second 
packkig assembly for creating a second fluk* tight seal 
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agaM the liner and a preseurization assembly dis- 
poeed between the first and second packino assem- 
blies. 

[0010] In another aspect the present invention com- 
prises a method dt completing a welbore. A liner is dis- 
posed in a wedbore. A first packing assembly, a pres- 
surizatksn assembly, and a second packing assembly 
are coupled to a work string. The work string is run into 
the finer. A nurd tight seal is created between the first 
packing assembly and the liner, and a fluid tight seal is 
created between the second packing assembly and the 
liner. FlukJ is pumped down the work string to the pres- 
surizatkjn assentbly The pressurizatwn assembly and 
flidd are utilized to pressurize an annulus defined by the 
pressurization assembly, the liner, the first packing as- 
sembly, and the second packing assembly. The pres- 
sure In the annulus is increased so as to defonn the liner 
in a radeBy outward directk)n. 
[0011] In a further aspect, the present Invention com* 
prises a method of completing a welDor e. A liner Is pio- 
vkSed having a first sect»n and a second sectkxi. The 
first section is detomiable In a radially outward directton 
at a lower pressure than the second sectkm. The liner 
is disposed In a weBbora. Apacfcing assembly is coupled 
to a work string, and the work string is nin into the liner. 
A fluU tigM seel is created between the packing assem- 
bly and the liner. Fkikl is pumped down the work string 
to pressurize an interior ol the liner after the packing as- 
sembly. The pressure in the interior of the liner is in- 
creased so as to deform the first section of the liner in 
a radtaily outward diredioa 
[0012] Reference Is now made to the accompanying 
drawings, in wtiichi 

FIQ. 1 is a schematic, cross-ee c tional view of a por- 
tk» of a muUlBteral wefi bickjding a junctton be- 
tween the main welbora and a lateral weObore; 
FIQ. 2 is a schematk:. cross-sectksnal view of FIG. 
1 showing a portkxi of the sealing operation per- 
formed during completkxi of the lateral weltoore; 
FIG. 3 is an enlarged, schematic, cross-sectk)nal. 
f raynentary view of the junctkm of FIG. 1 showing 
a schematic view of a first embodiment of an appa- 
ratus lor completing the junctton according to the 
present inverttion; 

RG. 4 Is an enlarged, schematic, cross<«ect»nal 
view of a first embodiment of a packing assembly 
of the complelton apparatus of FIG. 3; 
RG. 5 is an enlarged, schematic, cross-sectkjnal. 
view of a second embocfiment of a packing assem- 
bly of the completton apparatus of RG. 3: 
FIG. 6 is an enlarged, schematic, cross-sectional 
view of a pressurizatksn assembly of the comptetksn 
apparatus of FIQ. 3; 

FIG. 7 is an enlarged, schematic, top sectbnal view 
of an alternative embodiment of a lateral finer used 
in connection with the present inventkjn; 
FIG. e is an enlarged, schematic, cross-sectkxial. 



fragmentary view of the Junctkm of RG. 1 showing 
a schematic view of a second embo dim ent of a 
packing assembly and a liner for completing the 
junction according to the present invention: 
5 FIG. 9A Is an enlarged, schematic, cross-sectional, 
fragmentary view a first embodiment of the liner of 
RG. 8: 

FIG. 9B is an enlarged, schematic croes-eectional. 
fragmentary view of a second embodiment of the 
10 liner of RG.B; and 

FIG. 10 is an enlarged, schematic, top sectional 
view of a second alternative embodiment of a lateral 
Kner used in connection with the present inventbn. 

IS [0013] The prefen'ed entoSments of the pressnt in- 
ventkxi and their advantages are best understood by re- 
ferringtoRGS. 1-10 of the drawings. ISte numerals be- 
ing used for tike and corresponding parts of the various 
drawings. In accoidance with the present inventkxi. var- 

20 ious apparatus and methods for completkig lateral weB- 
bores in a muttilatera} weH are described. It wfll be ap- 
preciated that the terms "main* or "primary* as used 
herein refer to a main well or wellbore. whether the main 
well or wellbore is substantially vertKal substantially 
horizontal, or in between. It will also be appreciated that 
the term *laterar as used herein refers to a deviation 
well or wellbore from the main weS or welttxTre. or an- 
other lateral well or weHbore. whether the devlatkan is 
substantially vertical, substantially horizontal, or in be- 

90 tween. It wil further be appreciated that the term -verii- 
car as used herein refers to a substantially vertcal well 
or weltoore. and that the temfi "horizontal* as used here- 
in refers to a substantiaAy horizontal well or weHbore. 
[0014] In the overall process of drilfing and completing 

9S alatefalwelbor«inamumiaterBl«vell.lhefonowinooen- 
eral steps are performed Firet. ttta main weabora is 
drflled. and the main wellbore casing Is installed and ce- 
mented into place. Once the desired tocatksn for a |unc- 
tkm is Uentified. a window is then created in the main 

49 weltoore casing using an orientatkm device, a ntultitat- 
erat packer, a hollow whipstock, and a series ol mills. 
Next, the lateral welbore ie drilled, and a iner is dis- 
posed In the lateral weltoore and cemented Mo place. 
A mil is then used to drni through any cement plug at 

<5 the top of the hoOow whipstock and any portion of the 
tateral weltoore liner extending into the main weltoore to 
reestablish a fluki communicating bore through the main 
welbore. Finally, n some lateral wellbones. a window 
bushing is disposed within the main wellbore casing, the 

so hollow whipstock, and the muliaateral packer. The win- 
dow bushing facilitates the navigatton of downhole tools 
through the junctkxi between the main wellbore and the 
lateral weltoore. 

(001 6] The present inventon is related to a portkxi d 
S5 the abovoHlescribed process, namely the completkyi of 
the junctton between the mah welbore and a lateral 
wellbore. However, as described above, certain other 
steps are performed before such a junction may be com- 



3 



5 



EP0937861 A2 



6 



pteted. Relerrfng now lo FiQ. 1. an exemptaiy junction 
1 00 between a main welibore 1 02 end a lateral welbore 
104 is illustrated. MainwelS)ora 102 is drilled using coiv 
ventionaJ techniques. A main weflbore casing 106 is in* 
stalled w\ main weltxjre 102, and cenient 108 is dis- 
posed between main weltbore 102 and main welibore 
casing 106. using conventional techniques. 
[001 6] A shearable work sUing havinga window bush- 
^g locating profile 1 10. an orientation nipple 1 12. a nHil- 
tilateral packer assembly 114. a holtow whipstock 118. 
and a starter miD pilot lug (not shown) is run into main 
weStJore casing 106. Certain portkxns of such a work 
string are more fully disctosed in U.S. Patent Nos. 
5.61^559; 5,566,763; and 5.501.281. The work string 
Is located at the proper depth and orientatkxi within main 
welfeore casing 106 using conventional p9)o tally and^ 
or gamma ray surveys lor depth and measurement >Mile 
drfling (MWD) orientatkjn for azimuth. Packer assenrtbly 
114 to set against main welbore casing 106 using slips, 
packing elements, and conventnnal hydrauSc, mechan- 
ical, or hydraulic and mechanfeal setting technk)ues. 
[0017] Using technk^ues more completely described 
In the above-referenced U.S. Patent Noe. 5.613.559. 
5.566,763: and 5,501,281. whipstock 118 is used to 
gukle work strings suppoitino a variety d tools and 
equipment lo drill and complete lateral wen bore 104. 
First, a series of mills, such as a starter mlU. a window 
mill, and a watermeton mill are used to create a window 
120 in main welbore casing 106. Next, a drilling motor 
is used to driB lateral welbore 104 from window 120. A 
lateral welbore finer 1 22 is then disposed within lateral 
welibore 104. and sealartf 124 is disposed between lat- 
eral welibore 1 04 and finer 122. 
pX)ie) More spedfkally regarding the steps ol dis- 
posmg and sealing finer 12^ liner 122 preferably has a 
generally cylindrical flodal bore and a geneiafly cylindri- 
cal artemal surface. Uner 122 Is preferably made from 
steel, steel alkyys. plastic, or other materials convention- 
ally used for lateral liners. A wortt string 128 having a 
liner hanger 1 30. wiper plugs 1 32 and 1 33. and Hner 1 22 
is run down main welibore casing 106 unta liner 122 is 
deflected by hottow whipstock 1 1 8. This deftectkm caus- 
es finer 122 to be disposed in lateral welibore 104 and 
Junctbn 1 00. Une r hanger 1 30 and w^r plugs 1 32 and 
133 remak> disposed above window 120. Uner hanger 
1 30 is then set against main welibore casing 106 using 
conventknal technk^es. 

[0010] ReferringtoRGS, land 2. cementingof lateral 
wefibore 1 04 may bo acconnpfished by either one or two- 
stage cementing depending on the length ol welibore 
104. Typically, the length of lateral welbore 104 is such 
that two stage cementing is preferred. In a two-stage 
cementing operatkxi. liner 1 22 is equipped with a stage 
cementing tool 1 38. Stage cementing tool 1 38 is initially 
in a first positkxi that allows flukJ communfcatkxi within 
liner 1 22 past tool 1 38. but does not altow flukJ commu- 
nicatkm from liner 122 into the annulus between liner 
122 and lateral welibore 104. A first stage of cement 



124a is pumped down drifl string 128 and out a bwer 
end 136 of liner 122. First stage of cement 124a is pref- 
erably a conventional cement or conventional hardena- 
bie resin. Next, aconventnnal wiper dart (not shown) is 

5 pumped down drill String 128 to land at wiper plugs 132 
and 133. After landing, applied pressure releases wiper 
plug 132 and albws it to be pumped down to, and seal 
off, toworend 136 of liner 122. This displacement o« wip- 
er plug 132 causes first stage of cement 124a to flow 

to throughout the annulus between finer 122 and lateral 
welibore 104 up to stage cementing tool 138. An in- 
crease in pressure nrtay be obsenred top hole by corv 
ventonal pressure measuring devices upon the landing 
of wiper plug 132 in bwer end 136. 

IS [002(q Continued applicatbn of pressure moves 
stage cementing tool 138 to a second poeitkx) that pre- 
venUfluUcommunk»tion within finer 122 past stage ce- 
menting tool 138. but aflows flukl oommuncatbn from 
finer 122 into the annulus between finer 122 and lateral 

so welbore 104. A second stage of sealant 124b is then 
punx>ed down drill string 128 and into finer 122. Next, a 
second wiper dart (not shown) is pumped down drill 
string 128 to land at wiper plug 133. After lancfing. ap- 
plied pressure releases wiper plug 133 and aOows it to 

2S be punned down to. and seal ofl. Oner 122 at stage ce- 
menting tool 1 38. This (fisplacement ol wiper plug 1 33 
causes second stage of sealant 124b k> flow through 
stage cementing tool 1 38 arKi into the annulus between 
tateraiweDbore 104. main welibore caskig 106. and liner 

30 122 up to a top portnn 134 Of finer 122. positnning seal- 
ant 124b throughout junctkxi 100. Once wiper plug 1 33 
lands at stagecementing tool 1 38, continued applk^atbn 
Of pressure moves stage cementing tool 138 toa third 
positksn. preventing further drcutaUon or backftow of 

3B sealant 124b. 

[0021] Seelanl124b is preferably a apeciaOzed mul- 
tilateral Junction cemenlittoue sealant, or a specialized 
multilateral junctbn elaslomeric sealant A preferred ex- 
enple of such a cementltious sealant is M-8EALd sou 

40 by Hafiiburton Energy Servbes of Canolllon. Texas. 
Such cementitious sealants are characterized by rela- 
tively tow ductility and high compressive strength, as 
compared to such elastomeric seaianits. A preferred ex- 
anple of such an elastomeric sealant is FLEX-CEM6 

45 sokj by HaBlburlon Energy Servbes of Canollton. Tex- 
as. Such elastomeric sealants are characterized by rel- 
atively hi^ ductflity and tow compiesslve strength, as 
corr^red to such cementittous sealante. ARemativel)^ 
conventtonal cement or a conventbnal hardenabb resin 

so may be used as second stage sealant 124b. 

[0(02] Referringnow toFIG. 3. an enlarged, schemat- 
ic, cross-sectbnal. view ol a completfen apparatus 200 
according toa first, preferred embodiment of the present 
inventton is shown disposed within junctkxi 100. Com- 

ss pietton apparatus 200 preferably comprises a hdtow 
mandrel having a tower packing assembly 202. an upper 
packing assembly 204, and a pressurization assembly 
206. Completton apparatus 200 is preferably coupled to 
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work 6trng 1 28 above a supporting mandrel 1 40 for wip- 
er plugs 1 32 and 1 33. and lower packing asGembly 202, 
upper packing assembly 204, and pressurizatkxi as- 
sembly 206 are preferably coupled to each other by tool 
loints or other conventtonal means (not shown). Al- 
though not shown in RGS. 1 and 2 for darity of illustra* 
tnn. Ihar 1 22 is preferably formed with a no-go shooWer 
1 42 and an annular polished bore receplade 144 below 
no-go shoukler 142. 

[0023] As shown In FIGS. 3 and 4. lower packing as- 
sembly 202 preferably includes a seal assembly 205. 
and a no-go sleeve 207 formating with no-go shoulder 
142 of finer 122. Seal assembly 205 preferably compris- 
es a phirafily ol anmilar sealing elements 208, such as 
oorwomional o-rlrigt or packing devfeas. and an annular 
apacar member 210. both of wNch ara disposed wittiin 
m annular vecaas 212 on the axtamal suftaca of towsr 
packing assanMy 202. Sealing alemanis20Bfriclk)naRy 
engage polahad bora raceptada 144. whfch Is tocated 
on the Inner diametar of Snar 122 and generally eur- 
nxmds annular recess 212. Poliehad bora reoeptade 
144 cooperates with annular seafng elements 206 to 
create a flukMight seal 

(00241 Alternatively, as shown In FIGS. 3 and 5, tower 
packing assembly 202 may comprise a conventional 
packer 220 having si|>s 222. packing elemanls 224. and 
actuatktg means 226. Packer 220 may be hydraulically. 
machanlcany, or hydraulically and mechanicaHy set via 
actuating means 226 so thai packing elemenU 224 cre- 
ate a HuU tight seal against liner 1 22. As shown in FIG. 
5. when conventional packer 220 is used lor tower pack- 
kig assembly 202, iner 122 may be formed without no- 
go shoukler 142. i desired. 

(0025) Upper packing assembly 204 preferably has a 
substantially similar etnicture to tower packing assem- 
bly 202. If seal assembly 205 Is utiHzed tor tower packing 
assembly 202. upper packing assembly 204 prefefably 
utilizes a similar seal assembly that mates with a pol- 
ished bore receptacle located on the inner diameter of 
liner 122 betow Bner hanger 130. If packer 220 is used 
for lower packing assembly 202. upper packing assenrv 
biy 204 preferably utilizes a similar packer designed to 
operate within the inner diameter of liner 122 proximate 
liner hanger 130. However, as shown in FIG. 3, upper 
packtog assembly 204 does not require a no^o sleeve. 

[0026) Referrlntg now to RGS. 3and 6. an enlarged, 
echematlc. cross-secttonal view of pressurizatkxi as- 
sembly 206 is illustrated. Pressurizatton assembly 206 
preferably comprises an a tower sub 250, an upper sub 
252 removably coupled to tower sub 250. and a sealing 
sub 254 disposed within tower sub 250. 

[0027] Lower sub 250 preferably includes internally 
threaded ports 256a and 2S6b that provtoe a fluki com- 
municaling path between an axial bore 258 of tower sub 
250 and an annulus 1 46 (FIG. 3) defined by an extemal 
surface 260 of pressurizatton assembly 206. an totemal 
surface ol liner 122. towor packing assembly 202. and 
upper packing assembly 204. Conventtonal nipture 



disks 262a and 262b are preferably removably con- 
tained in poru 2S6a and 256b, respect^ely. When con- 
tained in ports 256a and 256b. rupture disks 262a and 
262b create a flud tight seal between the nterior of pres- 

5 surization assembly 206 and annulus 146. A preferred 
nipture disk for rupture disks 262a and 262b is the disk 
sokJ by Oklahoma Safety Equipment Company (OS- 
ECO) of Broken Arrow; Oklahoma 
(0028] Although not shown in FIG. 6, other conven- 

10 tional flud bypass devices other than a mpture disk, 
such as a bal drop circulating valve, an internal pres- 
sure operated circulating valve, or other conventtonal 
circulaling valve may be operatively coupled with ports 
256a and 256b. A preferred internal pressure operated 

IS drcutatlngvalve isthelPGCkctdattogVblveeokJ by Hal- 
liburton Energy Seivtoaa of Canoliton, Texas. All of 
these fluto bypass devtoes. induding njpture cfisks 262a 
wid 262b. have a first mode of operatton that does not 
altow lluto to Itow through ports 256a and 256b into an- 

20 nulMS 146, Mid a second mode ol operatton that aflows 
fluU to ftow Ihroufi^ ports 256a and 256b into annulue 
146. 

(0020] Uvwer sub 250 also preferably indudes ports 
264a and 264b. Each of ports 264a and 264b provkle a 

25 flukJ communicating path between the interior of pres- 
surizatton asserrtbly 206 and annutos 146. Axial bore 
258 prefeiably has an annular shouUer 265 and threads 
267 disposed above ports 264a and 264b. 
(0030] Sealing tub 254 preferably indudes an annu- 

90 lar supporting member 266 and an annular, elastomeric 
stoeva 268 coupled to a tower end of supporting mem- 
ber 266. Slemra 268 Is preferably adhesively couptodto 
supporting member 266 along a portion 270 and shoul- 
der 272 of support member 266. When coupled togeth- 

9S er. supporting meiAber 266 and etoava 268 defina an 
axial bora 274 and an axtemat surface 276. Extemal 
surface 276 has an annular recess 278 proKlnfwte ports 
264a and 264b: a shoulder 280 for mating wHh shouUer 
265 of lower sub 250. and an annular stot 282 above 

40 annular recess 278. An o-ring 284 is disposed in stot 
282 and creates a flukj tight seat between sealing sub 
254 and tower sub 250. In Its undeflected poeitton. as 
shown to FIG. 6. a tofwer end 266 of stoeve 268 creates 
a nuto tight seal against axial bore 258 d tower sub 250. 

45 (0031) Upper sub 252 preferably todudes an axial 
bore 288. en extemal surface 290, and a tower end 292. 
Extemal surface 290 preferably includes an annular 
ShouUer 294 for mattog writh tower sub 250, an annular 
stot 296. and threads 298 for removably engaging 

so threads 267 d tower sub 250. An o-ring 300 is disposed 
within annular stot 296 to create a fluto tight seal be- 
tween tower sub 250 and upper sub 25Z Lower end 292 
abuts support n^ember 266 of sealing sub 254. 
[0032] Having described the stnidure d conpletton 

6S apparatus 200. the operatton d cocnpletton apparatus 
200 so as to complete junctton 1 00 wiQ now be described 
in greater detail. Referring to FIGS. 1-6 in combination, 
after wiper plug 133 is landed at. and seals off, stage 
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cementng tool 1 38. work rtring 1 28 Is putted above top 
portion 134 ol Iner 122. Exeesa sealant within work 
string 1 28 and above top portton 1 34 d liner 1 22 is then 
circulatod out of the weO. 

[COW] Next, work siring 128 is run into linen 22 until 
no^ sleeve 207 oC kjwer packing assembly 202 con- 
tacts no-go shoukfer 142 ol finer 122. At this point, a 
fluid tight seal is created between seal assembly 205 of 
kywer packing assembly 202 and polished bore rocep- 
tada 144 of Bner 122. Attematively, if packer 220 is uti- 
lized as tower packing assembly 202, packer 220 is set 
to create a fluid light seal against liner 122. Also at this 
point, a flu W tight seal is created between upper packing 
assembly 204 and finer 122 h a manner substantially 
simflar to that de8cri>ed Immecfiately above tor k>wer 
pacWng assembly 202. hk^goshoukJer 142 of Iher 122 
is positioned wilh'n lateral wetbore 104 so that lower 
packing assembly 202 is tocated bek>w window 120. 
and so that upper packing assembly 204 Is kx»ted 
above window 120, within Junctton 100. 
[D034] When tower packing asseo^ly 202 and upper 
packing asserribly 204 use seal assemblies 205. the 
pressure on the drilfing mud, water, or other fiwd already 
within annulus 146 will increase as tower packing as- 
sembly 202 and upper packing assembly 204 seal 
against liner 1 22. Before no-go sleeve 207 engages no- 
go shoulder 142. such an increase in pressure, appGed 
across the dWerential areas of tower packkig assembly 
202 and upper packing assefrtbly 204. may cause a hy- 
draulic tock effect preventing further insertton of wort( 
string 128 into finer 1 2Z In additton. when tower packing 
assembly 202 and upper packkig assembly 204 use 
obrwenttonal packers 220, a similar hydraulic tock eflect 
may create problems for conventtonal packers 220 that 
amptoy a downwaid setting mocton. 
{0(»q Hoiwvef. such an Increase ki prassuro b re- 
lieved by seafing sub 254 of pressurlzatton assembly 
206 ki the fbltowing manner. Due to the increase In pres- 
sure, fluid enters ports 264a and 264b to the point where 
it fUts annular recess 278. The pressure in annular re- 
cess 278 builds to the point where tower end 286 of elas- 
tomeric sleeve 268 temporarHy deflects inwardly, un- 
seeing from axial bore 258 of tower eub 250. Such un- 
sealing altows nuto to ftow from annular recess 278 into 
the hteriorofpressurizatton assembly 206. reducing the 
pressure in annulus 146 and eliminating the abcve^ 
scribed hydraulic tock problems. 
[0C36] Next, a fluki tight seat le created praximate the 
end of work string 128 betow tower packffig assembly 
202. Such a fluid light seal is preferably fonned using a 
wire-Cne plug, by pumping a plug down work string 128. 
or other conventional technk^ues. A preferred pkjg is the 
X-LockC Plug sow by HaBtourton Energy Senrices of 
Carrollton. Texas. 

[0037] Next, a fluW such as water or drflling mud is 
pumped down work string 1 28. Due to the flukJ tight seal 
created by the plug at the end wortc string 128. the pres- 
sure within pressurization assembly 206 is increased to 



the point where rupture disks 262a and 262b rupture. 
The n^pturing of rupture (fisks 262a and 262b places the 
interior of pressuriialton assembly 206 In fluto conwnu- 
nicatton with annulus 146 via ports 256a and 256b. Al- 
5 tematively. if a ftuki bypass device other than njpture 
disks are utilized, such pressurizatton causes the fluW 
bypass device to enter its second mode of operation that 
aBows flukf to ftow through ports 256a and 256b to an- 
nulus 146. 

10 [00381 Next, the pressure within work string 128, and 
thus annulus 146, is preferably continuously and grad- 
ually increased so as to plastically deform the portton of 
finer 122 between tower packing assembly 202 and up- 
per packing assembly 204 radiany outward toward win- 

>s dow120.mainwelborecasing106.andlateralwelbore 
104. It win be appreciated thai if acementittous sealant 
or conventtonal cenriem is used for sealant 124 praod- 
mate Junctton 100. such deformatton of finer 122 must 
occur before the cementlttous sealant or cement haid- 

20 ens. However, if an eiastomeric sealant Is used for seal- 
ant 1 24 proximate junctton 100. such deformatton may 
occur before, or after, the elastomeric sealant hardens 
due to the ductility of the sealant. 
[0039] Such deformatton of liner 1 22 provkies signif- 

2S icant advantages in the completton of jur^ction 100. First, 
as Hner 122 is deformed radially outward, sealant 124 
VI the portion of the annulus between liner 122. main 
welbore casing 106. and lateral wellbore 104 within 
junction 100 is placed in compression. Such compres- 

30 skxi provkies a higher pressure rating for junctton 100 
during subsequent completton or productton operations 
in the multilateral well. 

[0040] Second, because window 120 is defined tiy the 
ntersectton of cylindrical main wellbore casing 106 and 

ss generaAy cyHndrical fateral weltx>re 104. window 120 
hasa generally ett^ical shape, with a major axis gen- 
erally parallel to the tongttudinal axb ol main wellbore 
casvig 106. Therefore, the outward deformatton d liner 
122 works to ctose the joints or gaps between liner 122 

40 aiKj wifxlow 120 present at the top arxJ bottom c* win- 
dow 120. Such joint closure in turn minimizes leak paths, 
and Ihua leaks, within junctton 100. in sHuattons where 
the outward deformatton of finer 1 22 may result in metal 
to metal contact of liner 122 and window 120. it is pret- 

45 erable to use a reMorced liner 122 to insure that any 
jaggedor sharp edges on window 120 do not pieice flner 

122. 

[0041] Thlrd,theoutwafddetonnattonof liner 122 in- 
creases the Inner diameter of Bner 122, This increase in 

so hnerdlameterresultsinalaroerftowpathforpetroteum 
from lateral welliore 104. increasing the productivity of 
the wen. This Increase in inner diameter also results in 
a brger clearance for downhole tools to enter and exit 
lateral weflbore 104 during subsequent complelton or 

ss productton operattons. 

[0042] It wBl be appreciated that after tiner122 has 
been deformed radially outward via hycfraulfc pressure 
as described hereinabove, a second worti string with a 
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sizing mandrel may optionaBy be run down main wall- 
bore casing 106 and through junction 100 to insure ad- 
equate defomiation d liner 122. 
[0049] Referring nowto FIG. 7. an enlarged, schemat- 
ic, top sectional view of an alternate lateral liner 122a 
that may be used in connection with completion appa- 
ratus 200 is iDusUated. Lateral liner 1 22a is formed wdh 
a grooved internal surface 500 and a grocwed external 
surface 502. Liner122a thus preferably hasacfoss-sec- 
tion 504 resembling a bellows. The geometry of gnxved 
surfaces 500 and 502 facilitate the outwant defomution 
of liner 122a at lower pressures. A lower pressure re- 
quirement for the outward defonnation of liner 122a in 
turn reduces the risl( of f aSure of the seals created by 
lower packing assembly 202 and upper packing asaem- 
biy 204. ki addftion. as compared to a Iner with a gen- 
erally cylhdrteal cross-eactkn. flner 122a piDVkles a 
larger, expanded outer diameter from a smallen unde- 
formed. run in outer dtameter. As shown in FIQ. 7, 
grooved surfaces 500 and 502 preferably comprise 
grooves having a "sinueoldar cross-sectton. However, 
grooved surfaces 500 and 502 may alternatively com- 
prise grooves having a "saw tooth', "square tooth*, or 
other cross-sectional geometry. In additioo, preferably 
only the portion of liner 122a between lower packing as- 
sembly 202 and upper packing assembly 204 is formed 
with grooved external surface 502. and the remainder 
of liner 1 22a is formed with a generally cytindrical exter- 
nal surface. 

[0044] Referring now to FIG. 8, an enlarged, schemai- 
K, cross-sectional, view of a packing assembly 600 and 
a liner 602 according to a second, preferred embodi- 
ment of the present invention are shown disposed within 
function 100. Packing assembly 600 Is preferably coo- 
pled to work string 128 above supporting mandrel 140. 
and packing asserNbly 600 preferably has a substantial- 
ly Identical structure to upper packing assembly 204 of 
completion apparatus 200. Uner 602 is preferably com- 
prised of an upper section 604. a tower section 606. and 
a tool joint or other conventional coupling mechanism 
608 coupling upper section 604 and tower sectkxi 606. 
Attematively. liner 602 can be machined to have upper 
section 604 and tower section 606. without the need for 
a coupling mechanism 608. 

{0045] II seal assembly 205 is utilized for packing as- 
sembly 600. liner 602 preferably includes a polished 
bore receptacleeiO k)cated on the inner diameter of lin- 
er 602 betow liner hanger 1 30. If packer 220 is used for 
packing assembly 600. polished bore receptacle 610 
may be eliminated, if desired. 
10046] As Shown in FIG. 9A. upper section 604 and 
tower section 606 are made from the same material or 
casing grade. By way of ikistratkmonly. txith upper sec- 
tkm 604 and tower sectton 606 may be made of casing 
grade API N-80. which has a yieU strength of approxi- 
mately 60,000 psi (552 MPa). Upper sectton 604 pref- 
erably has a generally cylindrical axial bore 610 and a 
generallycylindrical external surface 612. Lower sectkx) 



606 preferably has a generally cylindrical axial bore 61 4 
a ger>erany cylindrical external surface 616. However, 
upper sectton 604 has a wall thickness 618 smaDer than 
a waO thickness 620 of lower section 606. 
5 {0047] As shown in FIG. 9B. upper sectkm 604a pref- 
erably has a generally cylindrk^l axial bore 610a and a 
generally cylindrical external surface 61 2a. Lower sec- 
tion 606a has a generally cylindrical axial bore 614a a 
generally cylindrical external surface 616a. Upper soc- 
io tkxi 604a has a waH thickness 618a subetantially toen- 
ticat to a wan thfekness 620a of tower sectk)n 606a 
However, upper sectkxi 604a and lower sectkm 606a 
are made from dillerent materials or casing grades. 
More specifically, upper section 604a is made from a 
IS material or casing grade having a tower yield strength 
than the material or eating grade of tower eectkm 606a 
By way of Hhjstfatton only; upper sectton 604a may be 
made from casing grade AR K 55, whtoh has a yieto 
strength of approcimately 55.000 psi (379 MPa). and 
ao towersectton606amaybemadeofcastog grade API. 
N^. whtoh has a yIeU strength of approximateiy 
60.000 psl(552 MPa). 

|P048| In RG. 9A, upper sectkm 604 may also be 
made from a casing grade havtog a tower yieU strength 

28 that the casing grade used to make lower section 606. 
Although not shown to FIG. 98. upper sectton 604a may 
also be formed with a smaller wan thickness 61 6a than 
wall thickness 620a of lower section 606a. 
[0049] It is beQeved that by varying the wafl thickness 

30 and/or casing grade of upper section 604 relative to the 
wall thickness and/or casing grade o< tower section 606. 
as descrtoed hereinabove, the design of liner 602 may 
be optimized so that for a given intemal pressure, upper 
sectton 604 plasttoaOy deforms in a racSaOy outward dl- 

ss rectton. and tower sectton 606 does not eichibjl substan- 
tial radial deformatton. 

[0060] Having described the stnjcture of packing as- 
sembly 600 and Uner 602. the operation of these appa- 
ratus so as to complete jurtctton 100 will now be de- 

40 scribed rn greater detail. Referring to FIQS. 1 , 2. 4. 5. 8. 
9A. and 9B in combination, after w^r plug 133 is land- 
ed at. and seals off. stage cementing tool 138. work 
string 128 is pultod above top portton 134 of finer 602. 
Excess sealam within woric string 128 and abcve lop 

45 portton 134 of imer 602 is then circutated out of the weO. 
[0061] Next, woric string 128 is nm into iner 602 untU 
seal assembly 205 of packing assembly 600 creates a 
fluid tight seal against polished bore receptacto 610 of 
liner 602. An increase In pressure may be obsenred top 

60 hole by conventional pressure measuring devtoes when 
seal assembly 205 is property seated against pofished 
bore receptacle 610. Alternatively, if packer 220 is uti- 
lized as packing assembly 600, packer 220 is set to cre- 
ate a fluid tight seal against liner 602 betow Itoer hanger 

85 130. 

(0052] Next, a fluto such as water or drilling mud is 
pumpeddownworkstring128. Due to the fluid tight seal 
created by packing assembly 600 against liner 602. fluid 
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eventually fUfe all ol Rner 602 below padcing assembly 
600 down to wipof plug 133 sealed in etage cementing 
tool 138. The pressure within worfc string 128, and thus 
liner 602. is preferably continuously and gradually in- 
creased 80 as to plastically deform upper section 604 s 
radialty outward toward window 120, the portion oC main 
weDbore casing 106 proximate window 1 20. and the por- 
tion 0* lateral wellbore 104 proximate wixtow 120. As 
the deformation of upper section 604 occurs, lower sec- 
lion 606 preferably does not exhibit substantial radial «> 
deformation. 

[0063] Such defomiation of upper section 604 pro- 
vides subetantially (he same, significant advantages in 
the oofivlelion of Junction 100 as described herein- 
above lor completion cviparatus 200. In addhion. upper t5 
section 604 may be formed with an external surface 6 1 2 
similar to onomd cxlemal surface 502 ol RQ. 7. If de- 
sired. 

[OOM] Referring now to FIO. 10. an enlarged, sche- 
matfe. top eediofial view of an alemate lateral liner 700 » 
th^ may be used in connection with completion appa- 
ratus 200, or in the upper section 604 cf liner 602. is 
iSustfBted Liner 700 has an interior croee-eection 702 
made from stool, aleel alloys, plastic, or other generally 
non-elastomericmaterialsconventionallyuMdfbrlater- ^ 
al Ihers. Interior cioss-eection 702 has an axial bore 
704. Uher 700fUf1her has an exterior cross-section 706 
made from njbber or another conventional elastomeric 
matertal When Oner 700 is sunoonded by sealant 124 
and plasticailydefomied 88 described hereinabove, ox- » 
terior cross-section 706 insures an adequate seal of 
junction 100. Altematively. liner 700 may be plastically 
defonned as described hereffiabove but without the use 
of sealtfit 124 in certain completions. In such comple- 
tions, exterior croes-eection 706 Isef seals againsl win- « 
dow 120. mah weBbore casffig 106. and blecal weBbore 

104. 

[0055] From the above, one skilled in the art win ap- 
preciate that the present invention provides improved 
apparatus and methods for completing wellbores. The <0 
present invention provides such improved completion 
without inhtoiting the anxxmt or rate ol weD production, 
or substantially increasing the coet or comptexily d the 
completion of the weltxxe. Significantly, the present in- 
vention allows the operations of njnning a tateral liner. « 
sealing a laterat liner, and plastically defooning a lateral 
Iff^r to be acconplished in a single downhole tr^. The 
apparatus and methods of the present invention are 
economical to manufacture and use in a variety of down- 
hole applications. ^ 
[0056] The present invention is iBustraled herein by 
example, and various modifications may be made by a 
person of ordinary sWn in the art. For example, numer- 
ous geometries and/or relative dimensions could be al- 
tered to acco mm odate specific applications of the ^ 
present invention. As another example, although the 
present Invention has been described in connection with 
the completion of a junction between a main wellbore 



and a laterat weUbore in a multilateral well, it is luOy ap- 
plicable to the oorrpletion of a Junction between a lateral 
weltxxe and a second lateral weltoore extending from 
the lateral weBbore. to completion operations performed 
n other portions of a lateral welbore other than such a 
junction, to completion operations pertotmed in other 
portions of a main wellbore. to casing repair operatiorts, 
or to window closures. 

[0057] tt is thus believed that the operation and con- 
suuction of the present invention will be apparent from 
the foregoing descrption. While the method and appa- 
ratus shown or described has been characterized as ba- 
ng preferred it wiU be obvious that various changes and 
modifications may be made. 



Clelnie 

1. AoorrptetionapparBtusforcouplingtoaworicstring 
(128) and for use within a liner (122) of a weDbore. 
convriamff a first packing assembly (202) lor cre- 
ating a fluid tight seal against the liner (122); a sec- 
ond packing assembly (204) for creating a second 
fluU tight seal against the liner (122); and a pros- 
surizatlon assembly (206) disposed between the 
first and second packing assemblies (202.204). 

2. A completton apparatus according to claim 1, 
wherein the pressurizalion assembly (206) com- 
prises a port (256a.256b) opening to an annulus 
(146) defined the pressurization assembly (206), 
the larier (122). the first paekingassenrtbly (202). and 
the second packing assembly (204). 

8. A completion apparatus acooRfing to daim 2. fur- 
rier conning a fiuki bypass device opeiatively 
coupled with ttie port ^S6a.256b) fdrnd anowing 
fluU oommunteatkin wHh the annuhjs (1 46) in a first 
mode of operatksn. and for allowing hydraulic pres- 
surizatkxi of the annukjs ( 1 46) in a second mode of 
operation. 

4. A completion apparatus accorcfing to daim 
wherein the pressurization assenMy (206) com- 
prises a second port (264a;»4b) and a sealing sub 
(254) opeiatively coupled with the second port 
(264a.264b) for reiievbtg pressure In the annulus 
(1 46) when the first and second packkig assemi^Oes 
(202,204) are sealed against the Dner (122). 

5. A completion apparatus according to claim 3 or 4. 
wherein the hydraulic pressurizatkxi of the annulus 
(146) causes a portnn of the liner (122) between 
the first packing assembly (202) and the second 
packing assembly (204) to deform In a radially out- 
ward directkm. 

6. A completion apparatus according to claim 3. 4 or 
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5. wherein the fluid bypass device comprises a rup> 
ture(£sk(262a,262b). 

A coa^letion apparatus according to any preceding 
daim. v4»efetfi the liner (1 22) is adapted to be dis- 
posed within a junction (100) between a main well- 
bore (102) and a lateral weKbore (104) in a mutUtat- 



& Acomplelionapparatusacooicfingtoanypreceding 
daim. vMherein the first and second packing assem- 
blies (202.204) comprise sealassen^iKes that mate 
with polished bore receptacles (144) located h the 
lner(122). 

ft. Acompletionapparatusaocordirtgtoanyprecedtfig 
daim. wherein the first and second packing assem- 
blies (202.204) comprise packers. 

ia AcomptetionapparatittaccoPdingtoanyprecoding 
daim. wherein at least a portton ol the finer (122) 
has grooved internal and external surfaces. 



11. A completkxi apparatus according k) any preceding 
dakn. wherein at least a portion of the liner (122) 
has an interk)r cross-eectkxi made from a generally 
norvetastomeric material, and an exter»r cross- 
section made from a generally elastomeric material. 

12. A completk)n apparatus according to any preceding 
daim. wherein the welkxxe is a lateral weUbore 
(104). 

13. A method of completing a wellbore. comprising the 
Steps of: (fisposing a finer (122) in a weUbore; cou- 
pling a first packing assembly (202). a pressuriza- 
tion assembly (206), and a second packing assem- 
bly (204) to a work string (128); running the work 
string (128) into the liner (122); creating a flukj tight 
sea) between the first packing assembly (202) and 
the liner (122); creating a fluid tight seal between 
the second packing assembly (204) and the liner 
(122); pumping fluM down the work string to the 
pressurizatton assembly (206); utflizing the pres- 
surizatkm assen^ly (206) and the fluU to pressu- 
rize an anmilus (146) defined by the preseurizatk)n 
assembly (206). the Kner (1 22). the first packing as- 
sembly (202). and the second packing assenlbly 
(204); and increasing a pressure in the annulus 
(146) so as to defomi the Uner (122) tn a radially 
outward diredion. 

14. A method according to claim 1 a wherein the utiRz- 
ing step comprises actuating a ft wd bypass device 
in the pressurizatksn assembly (206) to provide a 
fluki communicating path between an interior d the 
pressurizatkxi asserrtbly (206) and the annulus 
(146). 



15. A method according to claim 13 or 14, wherein the 
first and second paddng assembliee (202.204) 
comprise seal assemblies that mate with pdished 
bore receptacles (144) k)cated in the liner (122). 

5 

16. A method according to daim 13. 14 or 15. wherein 
the first and second packing assemblies (202.204) 
comprise packers. 

10 17. A method according to claim 13. 14. 15 or 16. 
wherein at least a portton dt the liner (122) has 
grooved internal and external surfaces. 

1& Amethodaooordngtoanyoneofdaimsldtol?. 
«5 further comprising the step of fluUly seafing the 
worfcstring (128) pfOKimata the firatpaddngassem- 

My (202). 

Ifi. AmethodiKaoordhgtoanyoneordalms13to1B. 
20 wherein the step of dispoeing the finer (122) com- 
prises: Goopfing the finer (122) to an end of the work 
suing (1 28); and njnning the woffc string (128) into 
the wellbore. 

2S 20. Amethod according to daim 19. further comprising 
the step of disposing a sealant (124) in a second 
annuhjs defined by the liner (1 22) and the wefibore. 

21. A method according to daim 20 wherein the step cf 
30 disposing sealant (1 24) comprises pumping sealant 

through the work string (128), the second packing 
assembly (204), the pressurtzation assembly (206). 
the first paddng assembly (202), and the liner (122). 
and into the secorxl annukis. 

35 

22. Amethod accortfingtoanyoneof dakns13to21, 
wherein at least a portk)n of the finer (122) has an 
interkx croes-eection made from a generaOy vcn- 
etastomerk: material, and an exterior cross-section 

40 made from a generally elastomeric material. 

23. Amethodaccorcflngtoanyoneolclalms13lo22. 
wherein the disposing step comprises disposing the 
Bner (1 22) in a junction (100) between a main wetl- 

45 bore (102) and a lateial weUbore (104). 

24. A method according to claim 23. wherein the njn- 
ning step comprises running the woric string (128) 
into the liner (122) until the first packing assembly 

BO (202) is disposed after the jundkm (100) and the 
second packing assenrtbly (204) is disposed before 
the jundkxi (100). 



A method of completing a wellbore, comprising the 
steps or. disposing a finer (602) in a weftxxe. the 
finer (602) having a first section (604) and a second 
sectkxi (606). the first sectton (604) being defOnn- 
able in a radially outward ^ednn at a tower pres- 
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sure than the second section (606): coupling a 
packing a8seml>ty (600) to a work string (128): run- 
ning the wwk string (128) into the liner (128); cre- 
ating a fluid tight seat between the packing assem- 
Wy and the liner (602); pumping fluid down the work 
string (128) to pressurize an interior of the finer 
(602) atter the packing assembV (6(X)); and in- 
creasing a pressure in the interkx of the liner (602) 
so as to deform the first sectk)n (604) of the liner 
(602) in a radially outward directnn. 

2& A method accorcfing to claim 25. wherein the first 
sectksn (604) and the second sectbn (604) are 
made from an tienticat casing grade, and the first 
section (604) has a smafter wall thfckness than the 

second section. 

27. A method according to claim 25, wherein the first 
•ectkan and the second sect kyi (604.606) have an 
klentk»l wall thickness, the first sectkxi (604) is 
madefromafifstcasing grade, and the second sec- 
tkm (606) is made from a second casing grade hav- 
ing a yiekl strength higher than the first casing 
grade. 

28l a method according to claim 25. wherein: the first 
sectnn (604) Is made from a first casing grade and 
has a first wall thtokness; and the second section 
(606) is made from a second casing grade having 
a hi^ yiekl strength than the first casing grade, 
and the second sectkm (606) has a second wall 
thickness greater than the fiist watt thickness. 

29L AmeSK)daccordngtoanyoneofclaim8 2$to28. 
wherein the packing assembly (GOO) comprises a 
seal assenMy thai mates with a polished bore re- 
ceptacle (610) tocated ki the finer (600). 

3D. A method according to any one of claims 25 to 29, 
wherein the packing assembly (602) comprises a 
packer. 

31. A method according to any one of claims 25 to 30. 
wherein at least a portkan ol the first sectkxi (604) 
of the liner (602) has grooved internal and external 
surfaces. 

32. A method according to any one of daims 25 to 31, 
wherein the step of disposing the liner (602) com- 
prises: coupRng the liner (602) to an end of the work 
string (128); and nannlng the work siring (128) into 
the wellbore. 

33. A method according to any one of claims 25 to 32. 
further comprising the step of disposing a sealant 
(124) m an annukjs defined by the liner (602) and 
the wellbore. 



34. A method according to claim 33, wherein the step 
of disposing sealant (l24)oomprises pumping seat- 
ant through the work strhg (128). the packing as- 
sembly (600). and the liner (602), and into the an- 

5 nukjs. 

35. A method according to any one of daims 25 to 34, 
whereki the first sectton (604) has an interkx cross- 
section made from a generally non-elastomeric ma- 
te terial, and an exterbr cross-section nnade from a 

generally elastomeric material. 

36. A method accorcfing to any one of daims 25 to 35. 
wherein the disposing step compr i ses disposing the 

15 finer (602) in a junctkjn (102) between a main wefl- 
bore (102) and a lateral wellbore (104) so that the 
first sectksn (604) extends throuflhoiit the lunctksn 
(100). 

20 37. A mettKxf according to clakn 36. wherein the run- 
ning step comprises running the work string (126) 
into the liner (602) untn the packing asserhbty (600) 
is disposed before the junclton (600). 
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